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INTRODUCTION 


The  Naval  Weapons  Center,  China  Lake,  California  has  been  conducting 
a  laboratory  and  field  program  for  Improving  visibility  in  warm  fog. 

This  work  began  in  1963  on  a  limited  basis.  Project  Foggy  Cloud  I 
was  initiated  in  1968  and  resulted  in  the  Identification  of  a  hygroscopic 
agent  consisting  of  ammonium  nitrate-urea  and  water  (see  Blomerth,  et  al., 
1970;  Clark,  et  al.,  1971).  Project  Tule  Fog,  conducted  in  early  1969 
at  NAS,  Lemoore,  California  (see  White,  et  al.,  1969),  further  demonstrated 
the  fog  clearing  properties  of  this  agent.  This  work  was  continued  later 
in  1969  with  Project  Foggy  Cloud  II.  It  was  found  that  94%  of  the  fogs 
treated  with  the  solution  showed  clearing  effects  and  67%  of  the  treated 
fogs  had  visibility  Improvements  sufficient  to  permit  aircraft  operations 
(see  Wright,  et  al.,  1972).  Project  Foggy  Cloud  III,  in  1970,  led  to 
improved  seeding  techniques  using  the  ammonium  nitrate-urea-water  solu¬ 
tion  (see  Wright,  et  al.,  1972a).  This  project  demonstrated  that  90% 
of  the  treated  fogs  showed  clearing  effects,  and  100%  of  the  fogs 
with  steady-state  conditions  1/2  hour  prior  to  seeding  had  visibility 
improvements  sufficient  to  permit  aircraft  operations.  St.-Amand,  et  al. 
(1971)  reported  that  average  ceiling  and  visibility  improvements  in  these 
"steady  state"  fog.?  were  214  feet  and  1  1/16  mile,  respectively.  During 
Project  Foggy  Cloud  IV  in  1971,  it  was  learned  that  the  hygroscopic 
solution  seeding  technique  from  a  fixed-wing  aircraft  is  superior  to 
water  or  using  fixed-wing  distrails  with  water  (see  Hindman,  et  al  1972). 


Results  from  this  project  have  suggested  that  certain  critical  meteo¬ 
rological  conditions  strongly  influence  the  clearing  of  warm  fog  with 
the  solution  from  a  fixed-wing  aircraft  (Hindman,  1972).  Investigations 
are  underway  to  define  the  microphysical  structure  of  the  type  of  warm 
fog  encountered  during  this  project  (Hindman,  1972a). 

Carrot,  et  al.  (1972)  estimate  that  electrically  charged  droplets 
would  have  enhanced  fog  clearing  capability  as  compared  to  uncharged 
droplets.  As  a  result,  during  Project  Foggy  Cloud  IV,  charged  droplets 
were  sprayed  from  a  hot-air  balloon  into  a  small  volume  of  fog,  thus 
permitting  "laboratory  type"  experiments  to  be  conducted  in  the  field 
(see  Loveland,  et  al.,  1972). 

The  FAA  requested  that  chemicals  such  as  glycerine,  diethylene- 
and  tetraethlyene-glycol,  proposed  and  furnished  by  Dow  Chemical  Company, 
be  tested  using  the  hot-air  balloon. 

The  hot-air  balloon  system  is  depicted  in  Figure  1.  The  balloon 
carried  30  gallons  of  the  test  chemical  in  the  gondola.  The  chemical 
was  sprayed  from  the  gondola  using  the  Dow  particulator  (see  McDuff, 
et  al.,  1971).  The  cable  hanging  below  the  gondola  carried  power  to 
the  balloon  and  supported  a  verticle  array  of  iroplet  samplers.  These 
samplers  were  used  to  determine  if  the  droplets  of  chemical  changed  in 
size  by  accretion  of  the  visibility  restricting  droplets  or  of  water  vapor. 

Because  of  a  lack  of  fog  during  the  FAA  tests  at  the  Arcata-Eureka 
airport,  the  project  was  moved  to  the  nearby  Redwood  Creek  Valley, 
where  fog  was  more  frequent  in  occurrence.  Figure  2i  (pg.  12)  illustrates 
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the  portion  of  the  valley  where  th*  te:us  were  conducted.  Because  of  a 
lack  of  fog  at  this  locality  we  wc^e  able  to  conduct  one  test  only,  using 
glycerine.  A  series  of  clear-air  test?  was  conducted  with  all  three, 
chemicals. 

This  report  discusses  the  clear-eir  tests  and  the  fog-abatement 
test.  The  results  include  an  analysis  of  glycerine  as  e  fog-abatement 
agent.  Preliminary  conclusions  are  reached  on  how  glycerin*  compares 
with  the  NWC  ammonium  :dfcrate-urea~vater  solution  in  improving  visibility 
in  fog. 


CLEAR-AIR  TESTS 


A  series  of  clear-air  tests  was  conducted  using  the  hot-air 
balloon  system.  The  objectives  of  the  tests  were  to  measure  the  drop 
size-distribution  and  flow  rate  from  the  particulators,  and  to  observe 
the  characteristics  of  the  plume.  Results  from  these  tests  are  sum¬ 
marized  in  Table  1. 

Drop  size-distribution  measurements  were  made  from  the  samplers 
hanging  vertically  below  the  balloon  and  from  hand-held  slices  by 
surface  observers.  Samples  obtained  from  the  disc  particulator  showed 
that  over  78%  of  all  drops  had  diameter,  less  than  30  ym  and  a  median  of 
19  pm.  These  percentages  remained  constant  regardless  of  the  collection 
distance  below  the  balloon.  Thij  result  is  in  contrast  to  the  lab 
results  reported  by  McDuff,  et  al.  (1971),  which  showed  that  50%  of 
the  drops  were  between  15  and  74  ^m  in  diameter  with  a  median  of  40  pm. 
Additional  calibraticn  measurements  of  the  disc  particulator  are  nec¬ 
essary  to  resolve  the  contrasting  lab  and  field  results. 

The  flow  rate  from  the  disc  particulator  during  the  clear-air 
r.f'sts  was  a  maximum  of  2.7  gal  /min. 

McDuff,  et  al.  (1971)  observed  characteristics  of  the  plume  during 
the  clear-air  tests.  The  plume  was  approximately  10  feet  in  diameter 
immediat-.lv  below  the  particulator  which  was  at  100  feet  AGL.  In  calm 
^ind  conditions  the  plume  was  observed  to  dif'use  to  approximately 
20-25  feet  in  diameter.  As  the  wind  velocity  increased  te  2  to  3  knots 
the  width  of  the  plume  increased  to  approximately  220  feet  at  the  ground. 


Results  from  Clear  Air  Tests 


FOG  ABATEMENT  TEST 


Testing  of  the  Dow  fog-abatement  chemicals  with  the  balloon 
system  commenced  on  4  November  1971 ;  a  stratus  deck  filled  the  valley 
(base  approximately  250  feet  AGL,  top  approximately  500  feet  AGL) . 

The  balloon,  loaded  with  glycerine  at  30°C  and  20  psig,  was  launched 
at  9:33  PST.  The  balloon  stabilized  at  roughly  450  feet  AGL  and  began 
spraying  at  9:47:30.  The  first  significant  observation  from  the  ground 
indicated  holes  in  the  stratus  developing  around  the  balloon.  These 
holes  were  attributed  to  the  heat  from  the  balloon.  The  next  significant 
observation  was  made  3  minutes  after  spraying  began;  observers,  both  on 
the  ground  and  in  the  balloon,  noted  that  the  particulator  mist  appeared 
to  be  reacting  with  the  fog.  A  hole  appeared  in  the  fog  below  the 
balloon.  The  size  of  the  hole  was  approximately  200-300  ft  long,  100  ft 
wid_  and  250  ft  in  depth.  By  the  end  of  the  spraying  at  9:56:50, 

12,5  gallons  of  glycerine  had  been  dispensed.  The  balloon  was  lowered 
at  this  time  to  eliminate  aw y  further  possible  effects  it  might  have  had 
on  the  cloud.  The  balloon  was  on  the  ground  by  10:02.  At  this  time  a 
general  breakup  of  the  stratus  layer  had  started. 

The  photogiaphs  of  the  test  area  from  the  Navy  U-3  aircraft  are 
illustrated  in  Figure  2.  The  balloon  is  in  the  center  of  each  \  cture. 
The  spraying  had  been  under  vay  for  4  minutes  by  the  time  the  first 
photo  was  taken  at  9:51:30  (Fig.  2a).  The  balloon  is  clearly  visible 
and  no  hole4:  are  apparent  either  around  or  under  the  balloon.  The 
shadow  of  the  balloon  on  the  top  o<‘  twe  stratus  layer  can  be  seen. 


Fig. 
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Fig.  21  10:07:40 


Figure  2b,  22  seconds  later,  appears  similar.  Apparently  the  heac  from 
the  balloon  caused  the  observed  large  depression  around  the  balloon  in 
Figure  2a  and  2b.  By  9:52:10  (Fig.  2c)  the  first  hint  of  a  hole  near 
the  balloon  can  be  seen.  This  hole  occurred  4  min  30  sec  after  commencement 
of  the  chemical  spray.  The  hole  widened  as  shown  in  Figure  2d  at 
9:53:47,  and  an  extended  trough  began  to  form.  The  hole,  attributed  to 
chemical  spraying  can  still  be  observed  near  the  balloon  at  5:54:05 
and  9:54:24  as  shown  in  Figures  2e  and  2f.  The  trough  cutting  diagonally 
across  Figure  2g  was  well  developed  by  9:58:05.  A  generalized  breakup 
of  the  stratus  layer  which  was  beginning  made  it  difficult  to  separate 
the  artificial  clearing  from  the  natural  clearing.  Large  area  photo¬ 
graphs  (Figures  2i  and  21)  illustrate  the  clearing  along  the  center  of 
the  valley.  After  the  balloon  returned  to  the  ground  the  stratus  deck 
filled  over  the  balloon  as  shown  in  Figure  2 j ,  taken  at  10:06:48. 

Patches  of  stratus  obscured  the  balloon  at  10:11:57  (Fig.  2k)  and  at 
10:17:55  (Fig.  2m).  The  filling-in  correlated  with  the  cessation  of  the 
spraying  and  the  absence  of  the  heat  source  from  the  balloon.  Clearing 
proceeded  rapidly  after  10:17:55  as  shown  in  Figures  2n,  2o,  and  2p. 

The  treatment  drops  settling  from  the  stratus  deck  were  captured 
on  hand-held  slides  by  ground  observers.  The  samplers  on  the  cable  were 
not  used  during  this  test.  The  average  drop  size-distribution  was 
computed  from  these  slides  and  is  presented  in  Table  2.  The  resulting 
distribution  had  a  majority  of  drops  below  30  pm  in  diameter  and  the 
remainder  above  100  um.  This  result  is  in  part  supported  by  the  results 
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Glycerine  Drop  Size-Distribution 
From  the  Fog-Abatement  Test 
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from  the  clear-alr  tests  in  Table  1.  These  results  nhowed  a  majority 
of  the  drops  below  30  urn.  The  large  percentage  of  glycerine  drops  above 
100  pm  in  the  fog  abatement  test  suggests  that  the  droplets  grew  bv 
condensing  moisture  from  the  evaporating  fog  drops  and/or  collecting  the 
fog  droplets. 


''DISCUSSION 

'  -  M  •*.»  '/  *  *  • 

The  result^  frain  the  fog-pbatement  test  indicate  that  the  following 
four  factors  could  have  affected  the  rate  of  dissipation: 

(1)  Natural  clearing 

(10  Collection  of  fog  drops  by  glycerine  drops 
(li)  Evaporation  of  fog  drops  by  glycerine  drops 
(4)  Heat  from  the  balloon 

It  is  possible  the  natural  clearing  was  talcing  place  througout  the  entire 
test.  During  the  test .portions  of  the  other  factors  were  operative.  The 
magnitude  of  each  of  thesp  factors  was  calculated  to  determine  the 
dominant  process. 

McDuff,  et  al.  (1971)  concluded  that  "Glycerine  is  an  effective  coales¬ 
cence  reagent  for  water  mist  suspended  in  air  (warm  fog)".  We  interpret 
their  conclusion  to  be  that  the  larger  glycerine  droplets  collect  the  smaller 
fog  droplets  because  of  the  difference  in  their  fall  velocities.  The 
extent  this  process  contributed  to  the  observed  fog  clearing  was  inves¬ 
tigated  by  calculating  the  probability  of  the  glycerine  drops  sweeping 
out  the  fog  drops.  The  probability  that  a  point  on  the  surface  of 
the  stratus  deck  was  hit  by  a  glycerine  drop  is  expressed  by  a/A  where 
a  is  the  effective  sweep-out  area  under  a  falling  glycerine  drop  and  A 
is  the  cross-sectional  area  of  the  stratus  deck  on  which  the  glycerine 
drop  is  falling.  The  probability  that  a  glycerine  droplet  will  not  hit 
the  point  is  given  by  1  -  (a/A).  The  probability  (p)  that,  of  y  droplets 
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hitting  A,  at  least  one  will  hit  the  point  equals  one  minus  the  proba¬ 
bility  that,  of  v  droplets  hitting  A,  none  will  hit  the  point: 


p  -  1  -  (1  -  (a/A))y 

For  values  of  y  >>  1,  (1)  simplifies  to 


(1) 


(2) 


The  term  y  in  (2)  was  computed  by  dividing  the  total  mass  df  glycerine 
released  (5.85  *  10^g)  by  the  mas3  of  a  40  ym  diameter  glycerine  drop 
(2.38  •  10_8g)  resulting  in  2.46  •  1012  drops.  Here  an  assumption  was 
made  that  the  glycerine  spray  consisted  of  40  ym  drops.  This  size  was 
established  from  data  in  McDuff,  et  al.  (1971). 

The  term  a  in  (2)  was  computed  from  the  following  expression, 

2 

a  “  7T  (r  +  r,)  e  (3) 

s  i 


where  r  is  the  radius  of  the  glvcerine  droplets  (20  yra,  r,.  is  the  radius 
s  '  1 

of  the  fog  droplets  (assumed  5  ym) ,  and  e  is  the  collection  efficiency 

of  r  fir  r,  (0.11  from  Davis,  et  al.,  1970).  The  value  of  a  for  these 
s  t 

*-6  2 

r  and  r,  values  is  2.15  •  10  cm  . 
s  f 

The  term  A  in  (2)  was  computed  using  the  observations  made  during 
the  fog  abatement  test.  Assuming  the  plume  opened  the  178  ft  diameter 
hole  observed  from  the  ground  during  the  fo,i  abatement  test,  the  value  for 
A  equals  2.3  •  102  cm2. 


Substituting  the  values  for  a,  y,  and  A  into  (2)  results  in  a 
value  for  p  of  0.21.  This  result  indicates  that  spraying  5.85  •  10^g 
of  .'(0  pm  glycerine  drops  over  an  area  178  ft  in  diameter  will  result 
in  21%  of  the  drops  being  swept  out.  The  glycerine  would  not  have  col¬ 
lected  7n%  of  the  fog  drops.  The  dosage  corresponding  to  these  cal¬ 
culations  is  21  gal/acre.  Additional  calculations  showed  that  99%  of  the 
drops  would  have  been  swept  out  if  the  dosage  was  increased  to  1100 
gal/acre.  Furthermore,  keeping  the  dosage  at  21  gal/acre  and  changing 
the  glycerine  drops  to  19  pm  (corresponds  to  diameter  from  clear-air 
tests),  the  p  from  (2)  would  be  improved  to  0.49.  The  21  and  49%  sweep- 
out  figures  suggest  that  the  observed  hole  during  the  test  could  not 
be  explained  by  defining  glycerine  as  soley  a  "fog  coalescence  reagent". 

The  extent  of  the  observed  fog  clearing  due  to  the  hygroscopicity 
of  the  glycerine  droplets  can  be  estimated.  The  glycerine  droplets 
are  hypothesised  to  reduce  the  relative  humidity  of  the  stratus  layer. 
Simultaneously  the  fog  droplets  evaporate  to  restore  the  relative 
humidity.  These  visibility  improvement  processes  have  been  the  basis 
for  most  recent  fog  abatement  work  (see  Jiusto,  et  al . ,  1968  and  Tag, 
1971).  Clark,  et  al.(1971)  have  constructed  a  computer  model  which 
is  valid  for  predicting  the  growth  of  an  ammonium  nitrate--urea-water 
droplet  in  a  warm  fog.  This  model  was  expanded  to  predict  the  growth 
of  glycerine  droplets  by  incorporating  vapor-pressure  data  of  a  glycerine- 
water  mixture  from  Frazer,  et  al  .  (1928),  density  data  for  the  mixture 
from  Bearce,  et  al.  (1928),  and  surface-tension  data  for  the  mixture 
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from  Young  and  Bar xins  (1928) . 

The  model  was  employed  to  estimate  the  growth  of  40  ym  amocnium- 
nltrate-urea-watex  droplet  yra  glycerine  droplets  in  a  warm  fog. 

The  40  pm  size  is  the  size  we  computed  from  the  insults  of  McHuff .  et  al. 
(1971).  The  modeled  fog  conslr^ed  of  10  ym  droplets  and  a  liquid  water 

_3 

content  of  0.1  g  m  (conditions  assumed  to  exist  during  the  fog-abatement 
test).  The  results  of  the  droplet  growth  it.  fogs  of  95%  and  100%  relative 
humidity  are  Illustrated  in  Figures  3a  and  3b,  respectively.  The  results 
indicate  that  40  ym  diameter  glycerine  droplets  can  grow  significantly 
lu  a  warm  fog.  The  ammonium  nitrate-urea-water  droplets  grow  better  than 
glycerine  drops  in  both  the  .100%  and  95%  fogs. 

The  calculations  were  repeated  for  19  ym  ammonium  nltrate-urea-vater 
droplets  and  19  ym  glycerine  droplets.  These  sizes  conform  to  the  median 
diameter  measured  from  the  particulator  during  the  clear-air  tests.  Tht 
calculated  increase  in  diameter  of  both  types  of  19  ym  drops  is  ’.he  same 
as  the  increase  for  the  40  ym  drops  in  a  100%  fog.  Both  types  of  19  ym 
drops  grow  less  than  40  ym  drops  in  a  95%  fog.  The  results  of  these 
calculations  mav  explain  the  larger  percentage  of  drops  above  100  ym  in 
the  fog-abatement  tast  than  in  the  clear  air  tests. 

The  amount  of  fog  water  transferred  to  a  glycerir"  droplet  (ini¬ 
tially  40  um)  and  an  ammonium  nitrate-urea -water  droplet  (initially 
40  ym)  by  condensation  and  by  collection  is  illustrated  in  Figure  4. 

Here  it  is  shown  that  both  types  of  droplets  grow  mainly  by  c<  .deu- 
"''ti-  and  not  by  collection.  This  result  is  in  agreement  with  the 
pi fcvious  sweep-out  calculations  where  it  was  lound  that  the  observed 
hole  could  not  be  explained  by  coalescence  alone.  The  calculations 
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Figure  3.  Simulated  growth  of  a  solution  droplet  initially  9  parts  by 

weight  ammonium  nitrate-urea  to  1  part  water  ( - )  and  a  solution  drop 

let  initially  99%  glycerol  and  IX  water  ( - ).  The  droplets  were  sim¬ 

ulated  to  grow  in  a  fog  of  10  ym  dia.  droplets,  0.1  g  ra-3  liquid  water 
and  95%  (Fig.  3b)  ana  100%  (Fig.  3a)  humidity. 


were  repeated  for  both  types  of  droplets  with  initial  diameters  of  19  pm. 
Both  types  increased  in  mass  the  same  amount  as  the  40  pm  drops  in  the 
100%  fog.  Both  types  grew  significantly  less  than  the  40  pm  drops  in  the 
95%  fog. 

The  amount  of  water  transferred  from  the  fog  droplets  to  the  gly¬ 
cerine  droplets  will  be  estimated.  The  stratus  deck  was  assumed  to  con- 

-3 

tain  0.1  g  m  of  water  at  100X  relative  humidity.  The  hole  cleared  in 

the  deck  by  the  glycerine  droplets  was  estimated  to  be  178  feet  in  diameter 

,11  3 

and  200  feet  deep  (1.41  •  1(T  cm  ).  The  amount  of  glycerine  released 

4 

into  the  deck  (5.85  *  10  g)  was  assumed  to  be  uniformily  dispersed  in  the 
cleared  volume.  Thus  the  amount  of  glycerine  in  each  m  of  that  volume 
was  0.4  g  (5.85  •  10^g/1.41  •  lO^cm"*),  The  results  in  Figure  4b  indicate 
that  each  glycerine  drop  (initial  size  19  pm)  would  have  increased  its 
mass  one  order  of  magnitude  as  it  settled  through  the  200  foot  stratus 

_3 

deck.  This  magnitude  indicates  that  the  0.4  g  m  of  glycerine  can  pick 
up  4.0  g  n  of  fog  water.  Since  0.1  g  m  of  fog  water  was  available, 
this  amount  was  completely  exhausted  by  the  glycerine.  The  hole  in  the 
stratus  deck  therefore  can  be  explained  primarily  by  the  evaporation 
of  fog  drops  by  glycerine  drops  and  secondarily  by  the  collection  of 
fog  drops  by  glycerine  drops. 

The  extent  of  the  observed  fog  clearing  due  to  heat  from  the  bal¬ 
loon  was  estimated  using  information  provided  by  Feit,  et  al.  (1970). 

They  calculated  that  to  evaporate  0.1  g  m  ^  of  fof,  water  at  3°C  (observed 
temperature  at  the  start  of  the  fog-abatement  test)  and  reduce  the  relative 


humidity  from  100%  to  95%  it  would  require  each  cubic  meter  of  fog  to  be 

heated  with  440  calories.  The  volume  of  fog  the  balloon  heated  was 

approximated  from  the  observer's  notes.  The  balloon  was  half  in  and 

half  out  of  the  fog  when  the  balloon  stabilized  at  9:47:30  (the  balloon 

is  90  feet  tall).  Assuming  a  drift  of  approximately  0.6  m  sec  1  (fall  out 

was  observed  366  m  away  from  the  balloon  in  560  seconds)  the  volume 

of  fog  heated  by  the  balloon  during  the  560  sec  duration  of  the  spray 
5  3 

was  1.3  •  10  m  .  From  information  provided  by  Craig  (1972),  pilot  of 
the  balloon,  the  balloon  releases  roughly  3  •  10^  btu/hr  in  tethered 
flight.  This  figure  translates  into  1.26  •  10^  cal  min  \  but  only 
one-half  of  the  balloon  was  heating  the  volume.  One-half  of  the  balloon 
released  5.9  •  10^  cal  during  the  560  sec  spray  period.  Each  cubic  meter 

7 

of  fog  that  drifted  by  the  balloon  was  heated  with  453  cal  (5.9  •  10 
5  3 

cal/1.3  *10  m  ).  This  amount  of  heat  is  remarkably  similar  to  the 
3 

440  cal/m  computed  by  Feit,  et  al.  (1970).  Heat  from  the  balloon, 
therefore,  was  the  most  probable  cause  of  the  large  depression  around 
the  balloon  observed  in  Figures  2a  and  2b. 

An  anomaly  was  observed  during  the  testing;  the  glycerine  droplets 
fell  at  approximately  six  times  the  velocity  predicted  by  Stokes  Law. 

This  anomaly  has  been  previously  reported  by  Himel  (1969).  Mathews 
(1970)  has  noted  the  possibility  that  drag  on  individual  droplets  is 
reduced  significantly  when  a  large  number  of  droplets  are  close  together. 
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CONCLUSIONS 

Planned  objectives  for  testing  three  Dow  fog-abatement  chemicals 
were  not  met  because  of  a  lack  of  suitable  test  conditions  during  the 
scheduled  testing  period.  While  clear-alr  tests  were  conducted  using 
all  three  candidate  agents,  only  one  fog-abatement  test  was  conducted. 
Glycerine  was  tested  on  this  occasion. 

Results  from  this  test  indicated  that  the  heat  from  the  hot-air 
balloon  cleared  the  top  50  feet  of  the  250  foot  deep  stratus  deck.  A 
hole  was  cut  through  the  remaining  200  feet  by  the  glycerine. 

Calculations  demonstrated  that  the  glycerine  could  not  have  cleared 
the  observed  hole  solely  by  sweeping-out  the  fog  droplets.  The  amount 
of  glycerine  would  have  had  to  be  increased  from  21  gal/acre  to  1100 
gal/acre  to  clear  a  hole  by  this  process. 

Calculations  also  demonstrated  that  the  glycerine  could  have  cut 
the  hole  in  the  fog  by  a  well  known  process:  evaporation  of  fog  drop¬ 
lets  by  hygroscopic  droplets.  The  amount  of  glycerine  employed  in  th 
test  was  estimated  to  be  21  gal/acre.  Successful  visibility  improvements 
in  warm  fogs  have  been  produced  by  NWC  using  13  gal/acre  of  ammonium 
nitrate-urea-water  solution  (see  Hindman,  1972) .  Glycerine  was  cal¬ 
culated  to  be  nearly  as  hygroscopic  as  the  ammonium  nitrate-urea-watcr 
solution  in  fogs  of  100%  relative  humidity,  and  less  hygroscopic  in 
fogs  of  95%  relative  humidity. 

Analysis  of  the  hand-held  slides  illustrated  that  these  slides  can 
be  used  to  capture  settling  fog  and  glycerine  droplets. 
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